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Collaborative learning model of infrastructure construction: A capability perspective 
 
Purpose 
Performance heterogeneity between collaborative infrastructure projects is typically examined 
by considering procurement systems and their governance mechanisms at static points in time. 
The literature neglects to consider the impact of dynamic learning capability, which is thought to 
reconfigure governance mechanisms over time in response to evolving market conditions. This 
conceptual paper proposes a new model to show how continuous joint learning of participant 
organisations improves project performance.  
Design/methodology/approach  
There are two stages of conceptual development. In the first stage, the management literature is 
analysed to explain the Standard Model of dynamic learning capability that emphasises three 
learning phases for organisations. This Standard Model is extended to derive a novel Circular 
Model of dynamic learning capability that shows a new feedback loop between performance and 
learning. In the second stage, the construction management literature is consulted, adding 
project lifecycle, stakeholder diversity and three organisational levels to the analysis, to arrive at 
the Collaborative Model of dynamic learning capability.  
Findings  
The Collaborative Model should enable construction organisations to successfully adapt and 
perform under changing market conditions. The complexity of learning cycles results in 
capabilities that are imperfectly imitable between organisations, explaining performance 
heterogeneity on projects.  
Originality/value 
The Collaborative Model provides a theoretically substantiated description of project 
performance, driven by the evolution of procurement systems and governance mechanisms. The 
Model’s empirical value will be tested in future research.  
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Introduction  
In recent years, collaborative procurement models (CPMs) have been increasingly used to deliver large 
and complex infrastructure projects (Lahdenperä, 2012; Love et al., 2010). The increased use of these 
methods reflects their advantages in managing high levels of complexity in infrastructure construction 
(Morwood et al., 2008). Such infrastructure comprises physical structures such as roads, bridges, 
railways, dams, harbours, pipelines and facilities for waste management, energy generation, mineral 
extraction, telecommunications and defence (ABS, 2013). Infrastructure projects are typically complex, 
compared to other project-based activities, such as house building. The infrastructure sector is an 
important contributor to the quality of social and economic interactions. It is also an important 
contributor to Gross Domestic Product (GDP) and is the subject of significant government and private 
sector investment (Austrade, 2011; Newton et al., 2009). It is the complexity and uncertainty 
surrounding infrastructure project delivery that makes collaborative arrangements among stakeholders 
more important than in other, more straightforward types of projects. 
Partnering, Early Contractor Involvement (ECI) and Project Alliances are typical examples of 
CPMs (Hartmann and Bresnen, 2011; Love et al., 2011; Scheepbouwer and Humphries, 2011). The 
recent turbulent global economic environment has created pressure to improve the efficiency and 
effectiveness of CPMs (Mignot, 2012; Kelly, 2011). Relevant published research studies and industry 
reports primarily focus on the influence of project governance mechanisms within CPMs at fixed points 
in time (Rahman and Kumaraswamy, 2012; Love et al., 2010). On infrastructure projects, these 
governance mechanisms include collaborative cost estimation and financial risk sharing regimes, which 
are formal mechanisms, together with informal mechanisms like integrated team selection and 
relationship workshops (Authors, 2014; Lahdenperä, 2012; Chan et al., 2010). A CPM comprises a 
number of formal and informal governance mechanisms, both of which are designed to enhance project 
outcomes.  
Although the assessment of governance mechanisms at fixed points in time has undoubted merit 
in helping assess infrastructure project performance with a view to its improvement; this static approach 
overlooks the dynamics underlying change over time. Potential exists therefore, to explore the drivers of 
change in governance mechanisms longitudinally, along with their impact on project outcomes. It 
                                         
 
 
remains to explore the drivers of change in governance mechanisms and the impact on project outcomes. 
The literature suggests that the evolution of project governance mechanisms is driven by organisational 
capabilities that influence the development of operating routines and the learning routines that drive them 
(Hartmann et al., 2010). Operating routines are tactical actions on projects, while learning routines are 
strategic actions within organisations (Lewin et al., 2011).  
This capability perspective is informed by the resource-based view (Makadok, 2001; Barney, 
1991; Wernerfelt, 1984). The interest here is in a particular organisational resource – dynamic learning 
capability – which improves the configuration and productivity of other resources possessed by the 
organisation such as their social capital and organisational culture  (Lewin et al., 2011). The resource-
based view proposes that performance heterogeneity is caused by the resource configuration of 
organisations, in particular, the configuration of knowledge-based resources (Grant, 1996b; Spender, 
1996). The dynamic capabilities view posits that an advantageous resource configuration is realised by 
dynamic capabilities, which are purposely developed through organisational learning in response to 
environmental changes (Winter, 2003; Eisenhart and Martin, 2000). While the resource-based view tends 
to adopt a static perspective, the dynamic capabilities view adopts an evolutionary perspective (Helfat et 
al., 2007; Teece, 2007). The latter explains why successful organisations are capable of not only having, 
but also maintaining, superior knowledge resources and operating routines, over long time spans, 
particularly in dynamic market environments (Helfat et al., 2007; Teece, 2007).  
This evolutionary perspective underscores the importance of learning processes over time. In this 
view, the collaborative learning of participant organisations on infrastructure projects is the key to 
success (Love et al., 2010; Holt et al., 2000). Investigation into learning within and between construction 
organisations is essential for understanding the evolutionary nature of collaborative project delivery 
(Hartmann and Bresnen, 2011; Carrillo et al., 2006). Nevertheless, the academic literature contains 
limited comprehensive study that explains the performance heterogeneity of collaborative construction 
projects through investigation of dynamic learning capabilities. 
There are a number of studies that adopt similar perspectives, and these provide context for the 
current investigation. For example, Gluch et al. (2009) identified governance mechanisms that influence 
green innovation and environmental performance in the Swedish construction industry using an 
                                         
 
 
absorptive capacity model, which is a type of learning model, as discussed in the next section. Unsal and 
Taylor (2011) examined absorptive capacity of project networks through a series of simulation 
experiments. Rose and Manley (2012) found that the absorptive capacity of individual organisations 
across a project network was an important factor in driving the adoption of innovative products on 
Australian road infrastructure projects. Davis and Walker (2009) noted the importance of future research 
into how construction organisations develop dynamic capabilities through leveraging organisational 
knowledge of value-adding collaborative project delivery. Hartmann et al. (2010) revealed how learning 
trajectories of public agencies in the UK and the Netherlands drove the evolution of contractual and 
relational governance mechanisms within the context of service-enhanced public infrastructure.  
Collectively, these studies demonstrate the value of capability-based approaches for studying 
construction project problems. Nevertheless, they do not deal with the problem addressed in this paper, 
which is ‘How does organisational learning improve the performance of collaborative infrastructure 
projects over time?’  
 
Research Methodology 
Drawing on the theoretical lens of dynamic learning capabilities (Lewin et al., 2011), the paper develops 
a circular model of dynamic learning capability (Circular Model) that is then incorporated into a broader 
collaborative model of dynamic learning capability (Collaborative Model) for infrastructure construction 
to be tested in future empirical studies. This two stage process is presented in Figure 1. The paper first 
examines business management literature on dynamic learning capability theory and presents a Standard 
Model of dynamic learning capability that presents three linear sequential learning phases – exploratory, 
transformative and exploitative. This Standard Model is then revised and extended to become a Circular 
Model of dynamic learning capability that takes into account the feedback from performance outcomes to 
learning routines. The analysis drew on recent research advances in dynamic capabilities (e.g. Helfat et 
al., 2007; Teece, 2007; Zollo and Winter, 2002), absorptive capacity (e.g. Lewin et al., 2011; Lane et al., 
2006; Zahra and George, 2002; Cohen and Levinthal, 1990), knowledge management (e.g. Nonaka and 
von Krogh, 2009; Grant, 1996a; Nonaka, 1994), the cognitive theory of the firm (Nooteboom, 2009, 
2007), and strategic alliance management (e.g. Kale and Singh, 2007; Grant and Baden-Fuller, 2004; Das 
                                         
 
 
and Teng, 2000). These research areas have developed from the foundation theories of evolutionary 
economics (Nelson and Winter, 1982) and the resource-based view (Barney, 1991; Wernerfelt, 1984). 
These perspectives provide solid theoretical assertions about how dynamic learning capabilities help to 
sustain performance heterogeneity in turbulent environments, particularly, when collaborative relational 
governance mechanisms are in use.  
[Insert Figure 1.] 
Based on analysis of the construction management literature, the second step proposed a 
Collaborative Model of dynamic learning capability to reflect project-based production and the 
complexity of diverse stakeholder relationships. In particular, the model seeks to conceptualise 
collaborative learning of infrastructure projects because of (1) the considerable size of the projects; (2) 
concerns about their performance; and (3) the relatively complex procurement environment and 
collaborative relationships with which they are associated, compared to other project-based sectors, such 
as information technology. These factors made appropriate model development important for this 
industry and contributed to model development in three ways. Firstly, learning flows needed to reflect 
the inter-organisational cooperation typical of this industry, captured in a ‘collaborative relationships’ 
dynamic. Secondly, the large size of projects in this industry made the distinction between continuous 
and intermittent knowledge flows important. Finally, the complexity of typical projects in this industry 
meant it was important to show variable levels of uncertainly over project phases. 
The second step canvassed industry reports, government reviews, and project/construction 
management studies published by leading construction/project management journals. The investigation 
analysed concepts related to collaborative infrastructure projects, given indications collaborative projects 
can provide better project outcomes than traditional procurement methods (Lahdenperä, 2012; Chan et 
al., 2010). The evolution of CPMs and the learning routines driving this process were examined. 
Attention was directed to the project life cycle, project risk profiles, stakeholder diversity, and different 
organisational levels of activity. The review leads to development of a Collaborative Model which 
explains dynamic learning capability amongst multiple stakeholders across organisational levels over the 
project life cycle, with performance feedback. 
 
                                         
 
 
Model Development: Step 1: Developing a Circular Model of Dynamic 
Learning Capability  
 
Dynamic Learning Capabilities 
Before developing the Collaborative Model, this section first demonstrates that the Circular Model is a 
useful extension of the Standard Model. These models represent progression in the understanding of 
dynamic learning capabilities. A dynamic learning capability is the capacity of an organisation to 
purposefully create, extend, or modify its knowledge base through reconfiguring learning routines that 
explore, retain, and exploit knowledge inside and outside organisational boundaries (Lewin et al., 2011; 
Lichtenthaler and Lichtenthaler, 2009). Dynamic learning capabilities are applied within different 
organisational contexts, such as construction project networks (Unsal and Taylor, 2011), infrastructure 
projects (Rose and Manley, 2012), new product development (Pavlou and El Sawy, 2011), strategic 
alliances  (Kale and Singh, 2007), and pharmaceutical organisations (Biedenbach and Müllera, 2012) to 
achieve various organisational objectives and manage a wide range of challenges in dynamic 
environments (Helfat et al., 2007). 
Dynamic learning capabilities build on strategic learning routines (Lewin et al., 2011), which are 
structured and persistent (Winter, 2003; Zollo and Winter, 2002). ‘Learning routines’ are the dynamic 
patterns of learning behaviour that characterise organisational reactions to variegated, internal or external 
stimuli (Winter, 2003; Zollo and Winter, 2002). These routines reconfigure an organisational knowledge 
base and direct changes through new operating routines, which are tactical in nature (Lewin et al., 2011). 
The ultimate purpose of the reconfiguration is to constantly match operating routines with the needs of 
the dynamic organisational environment (Winter, 2003). Operating routines are relatively static and can 
effect business performance in the short term (Winter, 2003). Learning routines function at the strategic 
level and modify operating routines to enhance performance in the future. The latent concept of dynamic 
learning capability represents an organisational ability to reconfigure knowledge-based resources over 
time, and can only be observed and studied through research that focuses on the learning routines that 
underpin it (Lewin et al., 2011; Abell et al., 2008). Of particular interest is how learning routines drive 
the evolution of operating routines to continually effect CPMs and desirable performance. 
                                         
 
 
Dynamic learning capability is organisation specific, which means that it cannot be bought or 
sold easily, it must be built (Teece et al., 1997). From a resource-based perspective (Barney, 1991; 
Wernerfelt, 1984), the performance implications of a dynamic learning capability lie in the imperfect 
imitability of its underlying learning routines. Learning routines, especially their interdependence and 
complementarities, are idiosyncratic by virtue of the specific ways they are applied by organisations, and 
are dependent upon organisations’ evolutionary paths and unique internal social governance structures 
(Lewin et al., 2011). This implies that how an organisation develops a unique set of learning routines is 
causally ambiguous, and hence are neither perfectly imitable nor substitutable without great effort (Lane 
et al., 2006; Zahra and George, 2002; Zollo and Winter, 2002). From the dynamic capabilities view 
(Helfat et al., 2007) the heterogeneous and imperfectly mobile nature of a dynamic learning capability 
help an organisation to sustain superior performance in the long run.  
Internal and External Learning Integration 
Dynamic learning capability is underpinned by three types of learning routines that explore, transform 
and exploit knowledge from both internal and external sources (Lewin et al., 2011; Lichtenthaler and 
Lichtenthaler, 2009). According to knowledge creation models (Zollo and Winter, 2002; Nonaka, 1994), 
the internal learning routines create, disseminate, combine, and apply internal knowledge to update old 
routines. On the other hand, traditional absorptive capacity literature focuses on leveraging knowledge 
from external sources (Zahra and George, 2002; Cohen and Levinthal, 1990). Zahra and George’s (2002) 
model conceptualizes absorptive capacity as a dynamic capability, and recognizes its capacity to 
influence the creation of operating routines through external knowledge acquisition, transformation, 
assimilation and exploitation. Lane and Koka’s (2006) model brings exploratory learning into the 
absorptive capacity context and provides more detailed definition and substantiation of three sequential 
learning phases – explore, transform and exploit.  
The more recent routines-based conceptualizations of dynamic learning capability suggest that 
knowledge acquired through external learning routines needs to be selected, codified and internalized 
through internal learning in order to match operating routines with the needs of an evolving market 
(Lewin et al., 2011; Lichtenthaler and Lichtenthaler, 2009). Therefore the conceptualization emphasizes 
                                         
 
 
the complementarity between external and internal learning routines, and treats them collectively (Lewin 
et al., 2011; Lichtenthaler and Lichtenthaler, 2009).  
 
Standard Model of Dynamic Learning Capability 
Figure 2 shows the Standard Model of dynamic learning capability showing the three-phases of 
exploration, transformation and exploitation described above. 
 [Insert Figure 2 ] 
Figure 2 shows that scholars locate learning routines in a spectrum, with knowledge exploration 
at one end and knowledge exploitation at the other. Knowledge exploration routines identify valuable 
new knowledge from external sources, and combine external stimuli with internally generated ideas 
derived from existing routines, to select ideas through open discussions, analysis and debate (Lewin et 
al., 2011; Zollo and Winter, 2002). Knowledge exploitation routines apply newly assimilated knowledge 
to reconfigure business operating routines to meet changing market needs, ultimately improving 
performance outcomes (Lewin et al., 2011; Zollo and Winter, 2002). Knowledge transformation sits in 
between and is responsible for disseminating and codifying internal and external knowledge, thus 
connecting exploratory and exploitative learning (Lewin et al., 2011; Lichtenthaler and Lichtenthaler, 
2009). The cognitive theory of the firm (Nooteboom, 2009) posits that the primary purpose of an 
organization is to balance exploratory and exploitative learning so as to generate a suitable learning 
strategy that facilitates both innovation and efficient adaption. Transformative learning plays an essential 
role in achieving such a balance.  
In addition to this, when transformed knowledge is used to refine and extend existing operating 
routines through exploitative learning, the associated problem-solving triggers further external 
knowledge acquisition and internal knowledge creation through exploratory learning (Stacey, 2003). This 
highlights the essential association between knowledge exploitation and exploration phases that helps to 
renew the learning cycle (Lewin et al., 2011; Zollo and Winter, 2002).  
The contributors to the Standard Model shown at Figure 2 implicitly recognise the evolutionary 
perspective (Nelson and Winter, 1982) but do not give it sufficient weight, as their models have static 
constructs and linear flow between them (Farjoun, 2002). Existing capability models, arising from either 
                                         
 
 
absorptive capacity or dynamic capabilities literature pay insufficient attention to the link between past 
and future, with the feedback loop between performance and exploratory learning either implicit or 
absent (Lewin et al., 2011; Lichtenthaler and Lichtenthaler, 2009; Todorova and Durisin, 2007; Lane et 
al., 2006; Zahra and George, 2002).  
 
Circular Model of Dynamic Learning Capability 
The Circular Model of capability shown at Figure 3 explicitly incorporates such a feedback loop by 
borrowing from ideas presented in organisational behaviour literature. In particular,  the ‘double loop 
learning’ ideas of Argyris (2004), the ‘unlearning’ (triple loop) ideas of Wang and Ahmed (2003), and 
the ‘systems complexity’ ideas of Stacey (2003).  
[Insert Figure 3] 
Figure 3 is an interim extension of the Standard Model that adopts an incessant concept of time, 
with a continuous learning cycle. In other words, the learning is not a linear process as most of the 
dynamic learning capability models propose (Lewin et al., 2011; Lichtenthaler and Lichtenthaler, 2009; 
Todorova and Durisin, 2007; Lane et al., 2006; Zahra and George, 2002).  Instead, learning follows a 
cyclic pattern as Zollo and Winter (2002) and Nonaka (1994) suggested.  
The learning cycle is depicted as five boxes linked by continuous information connections. It is 
shown to have three sequential learning phases – exploratory, transformative and exploitative. 
Exploratory learning improves transformative learning; transformative learning improves exploitive 
learning; and exploitative learning reconfigures operating routines. The improvement of operating 
routines is expected to have a positive impact on business performance. Performance outcomes provide 
stimuli to renew exploratory learning.  
 
Model Development: Step 2: Developing a Collaborative Model of Dynamic 
Learning Capability  
 
This section reviews construction management literature and proposes a context specific Collaborative 
Model to study learning in infrastructure construction, guided conceptually by the Circular Model. The 
                                         
 
 
section part reviews the evolution of CPMs and the role of organisational learning in collaborative 
infrastructure project delivery. The collaborative learning routines in infrastructure construction are 
subsequently reviewed as input to develop the Collaborative Model. 
 
Evolution of CPMs 
CPMs have been designed to enhance project relationships and outcomes; of which improved 
collaborative learning, is one such benefit. CPMs are primarily applied for managing medium to high 
levels of risks associated with infrastructure delivery where there are very tight timeframes, difficult 
stakeholder issues, environmental challenges, and/or scope uncertainty (Morwood et al., 2008). 
Partnering approaches can be integrated with conventional contracts, e.g. design and build (D&B) to 
manage medium level risk (Hartmann and Bresnen, 2011; Chan et al., 2010). The alliance model has 
been used to manage a higher level of project risk (Kelly, 2011; Morwood et al., 2008). The three key 
features of a project alliance are: 1) selection of the construction team on non-price criteria prior to 
finalising price, 2) joint sharing of risk across client and non-client participants, and 3) early contractor 
involvement in the design process (Lahdenperä, 2012; Morwood et al., 2008; Ross, 2008). CPMs are 
used when the client believes it will achieve better risk management by embracing risk, rather than 
transferring risk using more traditional contracts (Chan et al., 2010; Edwards, 2009). In general, better 
team integration is achieved by CPMs, reducing learning barriers (Love et al., 2010; Yeung et al., 2007; 
Hauck et al., 2004).  
CPMs are influenced by organisational and country culture and evolve in conjunction with 
changing macro-economic conditions. These contingency factors have an impact on organisational 
learning, and by implication, the governance mechanisms incorporated in CPMs (Anumba et al., 2005). 
CPMs are typically not tightly structured and therefore have thrived in more open and non-class cultures 
where dynamic learning can be more flexible (e.g. Australia and New Zealand). Their development has 
been more limited in more highly class-influenced and/or tightly structured cultural contexts (Kelly, 
2011).  
Economic uncertainty, due principally to the global financial crisis of 2008, prompted a review 
of the effectiveness of CPMs (NASFA et al., 2010; Department of Treasury and Finance, 2009; Nyström, 
                                         
 
 
2008). Since then, the global infrastructure market has witnessed a learning process jointly carried out by 
client organisations and construction firms (Kent and Becerik-Gerber, 2010; Department of Treasury and 
Finance, 2009). This has led to the emergence of various new procurement models, including price-
competitive project alliancing, price-competitive ECI, and early tender involvement contracts (Lenferink 
et al., 2012; Mignot, 2012; Scheepbouwer and Humphries, 2011). These models are similar to traditional 
alliances in that contractors are invited to be involved early in the design phase. On the other hand, they 
differ significantly in the way the construction team is selected and in the treatment of risk. The new 
models may be less effective in facilitating collaboration between project participant organisations, and 
by extension, dynamic learning (Kelly, 2011; Ross, 2008). Against this background, the next step is to 
understand how learning influences the development of CPMs over time. 
 
CPMs and the Role of Learning 
The public sector has played the essential role in shaping and driving the evolution of CPMs (Kelly, 
2011), and has also dominated project delivery (Morwood et al., 2008). Public sector clients use 
collaborative projects as a special vehicle to better leverage the capabilities of the private sector for 
maximising value-for-money (VFM) (Raisbeck et al., 2010; Hauck et al., 2004). Facing challenges of 
increasing budgetary constraints and a greater expectation to increase the effectiveness of project 
delivery (Mignot, 2012; Kelly, 2011), the public sector are currently searching for solutions to improve 
procurement effectiveness and VFM (Lahdenperä, 2014; Department of Infrastructure and Transport, 
2011).  
Private sector clients have moved towards collaborative methods more recently in the 
infrastructure industry, primarily due to the increasing demands in the areas of community, stakeholder 
and environmental outcomes (Morwood et al., 2008). Collaborative approaches enable private clients to 
increase strategic flexibility in the infrastructure market (Kelly, 2011). Private sector service providers, 
such as engineering consultants, designers, contractors and cost planners, use collaborative projects to 
achieve capability reconfiguration that helps them to sustain competitive advantages in the evolving 
market (Leiringer et al., 2009; Green et al., 2008). The objectives of the reconfigurations vary from firm 
                                         
 
 
to firm, ranging from the desire to achieve new market penetration (Green et al., 2008), to technology 
acquisition and innovation (Rose and Manley, 2012).  
It is evident in the literature that the unique learning trajectories of construction organisations 
play an important role in shaping their respective resource configuration objectives (Hartmann et al., 
2010; Green et al., 2008). The selection of procurement strategies by an organization (Morwood et al., 
2008), or group of organisations (Department of Infrastructure and Transport, 2011), largely depends on 
knowledge gained through past projects. To a certain degree, this helps to explain the existence of 
uncertainties around performance implications of procurement models in the literature (Department of 
Infrastructure and Transport, 2011; Ross, 2008), and the intensive debate around the subject (Kelly, 
2011).  
The debates around procurement models are persistent, because they are, in part, generated by 
the learning processes reflected in the Circular Model. In the infrastructure sector, learning cycle 
configurations are particularly constrained by unique stakeholder relationships given the high public 
visibility of infrastructure projects. In this sector, factors like this take on considerable importance 
because of project uncertainties concerning, for example, environmental impact. The learning perspective 
also suggests that the focal themes of the debate may change with market evolution, since heterogeneous 
learning cycle configurations in different environments will lead to different views that change over time.  
From the perspective of the cognitive theory of the firm (Nooteboom, 2009), cognitive distance 
is necessary for innovation in project delivery models. In this view, the essential role of construction 
organisations is to devise an optimal cognitive distance through their learning cycles. The distance 
should be large enough to enable exploratory learning that creates innovation through combining 
complementary resources of participant organisations. At the same time, the distance should not be so 
great as to hinder exploitative learning that needs mutual understanding to increase efficiency of project 
delivery (Nooteboom, 2007). The essence of superior learning capability is to achieve healthy 
configurations of learning cycles which generate optimal cognitive distance to balance exploratory and 
exploitative learning (Nooteboom, 2007; Stacey, 2003). The balance not only helps to configure 
appropriate operating routines for specific projects, but also helps to improve CPMs to meet the changing 
needs of the infrastructure industry (Hartmann et al., 2010; Leiringer et al., 2009).  
                                         
 
 
Recent literature suggests that when construction organisations lack the capability to effectively 
balance learning phases, this is reflected in unsatisfactory performance outcomes (Kelly, 2011). In this 
sense, performance heterogeneity reflects the capability heterogeneity of the construction organisations 
in optimising their learning cycle configurations. This heterogeneity arises because different 
organisations have the learning cycles at different stages of maturity.  
 The next section describes each of the learning phases, as they appear in infrastructure 
construction, as the final step in building a collaborative model of infrastructure construction. It focuses 
on 1) how external and internal learning is combined in the three learning phases to modify project 
operating routines for improving project performance; and 2) how the continual learning at corporate, 
project, and working-group levels develops CPMs over time.  
Exploratory Learning  
Exploratory learning occurs when organisational members identify, acquire, analyse, and process new 
knowledge which is critical for business operations (Lewin et al., 2011). Exploratory learning routines 
such as workshops and ‘war room’ discussions are widely used in collaborative infrastructure projects to 
enable open communication, sharing of knowledge, relationship building and to achieve mutual 
understanding (Alashwal and Abdul-Rahman, 2014; Chan et al., 2010; Eriksson, 2010). These learning 
routines facilitate knowledge exploration in each phase of the project life cycle, and are particularly 
beneficial for identifying innovations in project formation and development (Love et al., 2010).  
Innovations are more effective if they are identified early in the project life cycle, particularly in 
the project formation/development phase (Nahyan et al., 2012). This is when experiences and lessons 
learnt by participant organisations can be articulated and externalised effectively to benefit project 
planning (Love et al., 2010). In the formation/development phase, problem solving is primarily 
associated with demonstrating a business case, deciding on a procurement model and developing a 
delivery program (Morwood et al., 2008). CPMs are designed to encourage continuous innovation and 
learning throughout project delivery (Lahdenperä, 2012; Yeung et al., 2007). This suggests the 
importance of participant organisations having healthy configurations of learning cycles to balance 
exploratory and exploitative learning. The selection of a procurement model depends on the project 
nature and capability of the client organisation in managing collaborative delivery (Kelly, 2011; NASFA 
                                         
 
 
et al., 2010). Learning cycle configurations are a key diver of client capability, alongside other factors 
such as number of employees and location of offices, for example. Regardless of these other factors, the 
greater the challenge of the project, the higher the risks, and the greater the demand on the learning cycle 
configurations of participants (Morwood et al., 2008; Australian Constructors Association, 1999). This 
learning travels up through working-group, project and corporate levels to drive the evolution of 
procurement models. 
For example, an ECI model may evolve as the chosen delivery system when the client 
organisation wishes to bring a contractor’s knowledge into the planning and design stage to reduce initial 
risk uncertainties and to achieve a realistic risk adjusted price (Scheepbouwer and Humphries, 2011; 
Edwards, 2009). Exploratory learning in ECI projects is more intensive in the collaborative cost 
estimation and design development stage, compared to later stages (Lenferink et al., 2012). Project 
alliances provide better risk management when a high degree of uncertainty is involved in both the 
development and later delivery phases. These conditions require an on-going collaboration between the 
client and service providers to generate innovative solutions for project governance and construction 
operations (Lahdenperä, 2012; Chan et al., 2010; Morwood et al., 2008). This suggests the need for 
participant learning cycle configurations to be mature and well integrated. 
Many leading client organisations have a strategy to enhance exploratory learning for improving 
contractual arrangements. In a recent case study, the strategy that was used encouraged intensive 
informal cooperation between staff members in the contract application process, where a bottom-up pilot 
project was used to explore contract elements specific to a certain regional transactional context 
(Hartmann et al., 2010). It appeared that the client organisation configured a degree of cognitive 
distance, which allowed internal staff-members to externalize their knowledge, and identify critical 
knowledge of local contractors through relationship building. The learning developed new contracts with 
operating routines such as procedures for operational control and performance evaluation, which suited 
the regional conditions (Hartmann et al., 2010).  
Collaborative learning modifies project operating routines and governance mechanisms that 
underpin a CPM over a project’s life-cycle (Bresnen, 2009; Leiringer et al., 2009). For example, the 
procedures for collective cost estimation are progressively refined over a project. This refinement is 
                                         
 
 
determined by the learning of participant organisations in implementing the collaborative concept (Kelly, 
2011; Morwood et al., 2008). If participant organisations are capable of carrying out intensive 
exploratory learning and handling relatively large cognitive distance within usually tight project time 
frames, value-adding novel solutions are more likely to be generated to achieve the performance targets. 
This is demonstrated by the success of award winning alliancing infrastructure projects in Australia 
(Authors, 2013; Alliancing Association of Australasia, 2011).  
Project and working-group exploratory learning in the infrastructure sector might involve 
routines such as workshops , which are often used to facilitate the articulation and assimilation of tacit 
knowledge (Kelly, 2011; Morwood et al., 2008). Storytelling and brainstorming routines are used for 
similar reasons (Fong, 2003). The outcomes of project and working group learning are ideally fed back 
into learning at the corporate level for CPM improvement.  
Transformative Learning 
Transformative learning routines exchange and disseminate knowledge through interpersonal 
interactions, and select knowledge that needs to be codified for ongoing business operations (Lewin et 
al., 2011). They also create and use knowledge resources (e.g. manuals, checklists, guidelines) to assist 
action or decision making (Kale and Singh, 2007; Zollo and Winter, 2002). Transformative learning 
enables construction organisations to select, retain, disseminate, and codify new knowledge for managing 
collaborative projects.  
At the corporate-level, client organisations use formal auditing systems to capture lessons from 
recently completed contracts and prepare for future contract development (Hartmann et al., 2010). The 
public policy documents that provide guidance for the procurement processes codify the learning 
outcomes of public sector clients in different regional contexts (Department of Infrastructure and 
Transport, 2011; NASFA et al., 2010). Service providers also seek to retain knowledge gained through 
their inter-firm relationships. The collaborative relationships and trust built through prior joint projects 
provide these service providers with privileged access to their partners’ knowledge base (Roehrich and 
Lewis, 2010; Javernick-Will, 2009), especially when special and unique technologies are involved 
(Morwood et al., 2008). The more collaboration there is on an infrastructure project, the more 
                                         
 
 
connections there are within and between participant organisations’ learning phases. This enables the 
codification of knowledge, which potentially improves project outcomes. 
At the project-level, regular formal project reviews incorporate intensive transformative learning 
(Shokri-Ghasabeh and Chileshe, 2014; Abdul-Rahman et al., 2008). The objective of the reviews is to 
identify mistakes and problems; highlight optimal solutions; and make decisions for action (Love et al., 
2010). Performance assessment of the project delivery process examines the efficiency and effectiveness 
of operating routines in achieving the performance targets and fulfilling the client’s expectations 
(Morwood et al., 2008; Robinson et al., 2005). The formal and informal performance assessment of 
working-groups and projects also helps team members to build new tacit knowledge about the 
performance implications of operating routines (Carrillo et al., 2006). Benchmarking and other 
continuous improvement approaches are often integrated into project performance evaluations in order to 
measure, assess and disseminate learning more effectively (Love et al., 2010). Best practice and problem 
solving solutions are ideally codified into explicit forms such as best practice guidelines and manuals to 
guide the improvement of project operating routines (Senaratne and Sexton, 2008). The codification 
routines are usually supported by IT applications such as Building Information Modelling (BIM) 
(Demian and Walters, 2013).  
The literature asserts that transformative learning connects and balances knowledge exploration 
and exploitation between the project- and corporate- levels. As revealed by the Hartmann et al. (2010) 
case study, the knowledge could be codified through a centralised corporate-level auditing system of a 
client organisation, and then applied at its regional project level to trigger further exploration through 
collaborative learning with local contractors. As an optional approach, a pilot project could serve as a 
mechanism to facilitate the externalization, codification and application of knowledge at the regional 
project level. The codified knowledge derived at the project level subsequently feeds back to the 
organisation through corporate-level transformative learning.  
Exploitative Learning  
The application of both externally acquired and internally generated knowledge are the key routines of 
exploitative learning (Lewin et al., 2011). Exploitative learning routines ensure that knowledge gained 
from previous collaborative projects through exploratory and transformative learning can be used to 
                                         
 
 
match governance mechanisms and operating routines with the needs of the present market (Leiringer et 
al., 2009; Abdul-Rahman et al., 2008; Carrillo et al., 2006). Client organisations normally use internal 
training programs to internalise and thus exploit transformed knowledge. Internal training courses and 
workshops address: the technical aspects of new contracts; collaborative attitudes and behaviours; as well 
as relationship building with service providers (Walker and Lloyd-Walker, 2011; Hartmann et al., 2010). 
The training programs usually involve mentoring by staff members who have collaborative contracting 
experience, and engagement of external facilitators/behavioural consultants to guide knowledge sharing 
discussions (Morwood et al., 2008). Large service providers adopt similar knowledge internalisation 
approaches, and integrate collaborative contracting content into the formal training programs (Carrillo et 
al., 2006). Mentoring and on-the-job training are also important exploitative learning routines of service 
providers (Morwood et al., 2008; Australian Constructors Association, 1999). 
The internalised knowledge that is generated is transferred back to the corporate level through 
the configuration and application of project governance mechanisms and operating routines (Carrillo et 
al., 2006). At the corporate level, the internalised knowledge is used to make strategic decisions. The 
decisions on changing procurement approaches for collaborative infrastructure construction affect the 
evolution of CPMs in the market (Department of Infrastructure and Transport, 2011; Kelly, 2011). The 
decisions about the procurement model and governance framework for a new collaborative project 
determine the nature of operating routines (Morwood et al., 2008). At the working-group and project 
levels, internalised knowledge is used to refine operating routines. Project performance is enhanced when 
the operating routines are used to fulfil project tasks, such as design and construction (Leiringer et al., 
2009; Senaratne and Sexton, 2008).  
Exploitative learning from performance evaluation feeds into a new round of exploitation that 
results in modification of governance mechanisms (Hartmann et al., 2010) and reconfiguration of 
operating routines (Hartmann and Bresnen, 2011). The process also involves unlearning and discarding 
behavioural patterns that were unhelpful (Hartmann and Bresnen, 2011). In view of this, exploitative 
learning is the critical phase of a learning cycle. It tests the validity of organisational knowledge of 
collaborative projects under the present market conditions. In the long term, knowledge exploitation 
                                         
 
 
enables construction organisations to match their business strategies with the evolving needs in the 
infrastructure market (Leiringer et al., 2009; Green et al., 2008). 
 
Collaborative Model of Dynamic Learning Capability 
Having applied the Circular Model to the infrastructure construction context a number of useful additions 
become apparent in developing a model dedicated to the sector; these are incorporated in the 
Collaborative Model of dynamic learning capability. The Circular Model, which shows a learning cycle, 
is at the heart of the Collaborative Model, which accounts for multiple levels of organisational activity 
and the complex nature of collaborative infrastructure construction. The Collaborative Model 
incorporates the structure of project-based organisations, which are defined by Hobday (2000), and 
supported by the literature on collaborative infrastructure construction. The resultant stratified view 
accounts for production organised around projects as illustrated in Figure 4. The model proposes that 
construction organisations’ dynamic learning capability builds on micro-foundations of learning routines 
which carry out learning through a learning system. The learning system extends connections across 
three organisational levels – the corporate, project and working-group. From an organic perspective 
(Farjoun, 2002; Stacey, 1995 ), the model asserts that organisational learning happens in a system that 
comprises multiple cycles at each of three organisational levels. The graphical illustration of the model in 
Figure 4 shows just one of these cycles per level. The Collaborative Model highlights seven key 
characteristics: 
[Insert Figure 4] 
 
Characteristic 1 Multilevel learning: Learning at working-group level happens on sub-project 
tasks and primarily involves tacit knowledge that improves operating routines. When learning cycles 
move up in the organisational hierarchy and involve the project management team or corporate 
departments, learning routines become increasingly formal. The learning at project and corporate level 
involves the most explicit knowledge. It modifies both project governance mechanisms and operating 
routines to achieve performance objectives.   
 
                                         
 
 
Characteristic 2 Connections between learning cycles: The connections within each learning 
cycle are largely continuous, while the connections between learning cycles are more intermittent. The 
learning cycles could connect with each other through any learning phase, at any time. The connections 
between organisational levels are also intermittent: they could emerge, evolve and/or disappear. An 
example of emergence is when the good practices of a working group are articulated in a meeting during 
monthly project review. In this case, the knowledge exploration of the group learning cycle connects 
with the transformative learning at the project level. The complex connections between the multiple 
learning cycles help to balance exploratory and exploitative learning.  
 
Characteristic 3 Strategic implications of exploitative learning: Knowledge exploitation at 
the group or project level reviews the value of operating routines in achieving performance targets. In 
comparison, corporate-level learning involves knowledge exploitation to review the market relevance of 
procurement models and corporate strategies to the business environment. The exploitative learning of 
the multiple learning cycles serves as multiple interfaces that connect the learning system with a market. 
The knowledge exploitation interfaces enable organisations to constantly test and validate the 
performance implications of their operating routines for project delivery. The interconnections between 
the cycles, in particular the complex interdependence of the learning phases among the learning cycles, 
determine the overall learning strategy of an organisation.  
 
Characteristic 4 Imperfect imitability of learning system: The imperfect imitability of the 
learning system lies in its path dependence, social complexity and causal ambiguity. A learning cycle 
might be deliberately deployed by an organisation at a specific time (e.g. monthly project review), or not. 
Connections between learning cycles are developed in the organisation’s learning trajectories through 
project delivery. The learning system is socially complex due to the tacit nature of much knowledge. As 
a result, organisation members have incomplete knowledge of the learning system.  
 
Characteristic 5 Performance implications of learning systems: A learning system is 
extremely costly or difficult for other organisations to duplicate. This implies that the heterogeneity of 
                                         
 
 
learning systems among organisations is persistent. This leads to heterogeneity of learning capability 
and, by extension, project performance. The model suggests that highly responsive learning systems 
enable some organisations to sustain superior project performance over time. These organisations play a 
role in shaping the evolutionary path of CPMs. On the contrary, organisations with less responsive 
learning systems are followers, In these organisations, a larger proportion of lessons learned and 
knowledge gained is wasted. This inertia will stifle development of the governance mechanisms and 
operating routines of follower organisations. Projects involving organisations with learning systems like 
this will struggle to maximise outcomes. 
 
Characteristic 6 Collaborative relationships: the uniqueness of the system lies in the 
configuration of collaborative relationships between participant organisations.  This affects the degree of 
collaborative learning achieved by learning cycles of in the three organisational levels. This applies to all 
the organisations involved in a collaborative project delivery.  
 
Characteristic 7 Project stages and risk:  Learning system configurations are driven by project 
risk level and evolve with the project life cycle. The greater the challenge of risk management, the higher 
the intensity of exploratory learning in project formation/development phases, and the stronger the 
demand for transformative and exploitative learning in later operation and completion phases. The inter-
connections between learning phases among learning cycles are developed in a dynamic manner to suit 
varying needs of risk management in different project stages.  
 
Conclusions 
Performance heterogeneity of collaborative infrastructure projects has been intensively discussed in the 
literature. Existing research approaches are static, focusing on the CPMs or their underlying governance 
mechanisms at a specific evolutionary stage of the infrastructure market. Existing approaches fail to 
consider the essential force that drives the evolution of the CPMs, and ultimately drives performance 
heterogeneity of collaborative infrastructure projects over time. This force is the dynamic learning 
                                         
 
 
capabilities of construction organisations. Drawing on this theoretical lens, the paper presents a learning 
system model to explain project performance heterogeneity from the evolutionary perspective.  
  The existing models of dynamic learning capability highlight the three main phases of 
organisational learning – exploratory, transformative and exploitative. The paper has extended this model 
by highlighting the role of learning routines and performance outcomes in creating a feedback loop in the 
learning cycle. This Circular Model is then refined and adapted to the context of infrastructure projects, 
resulting in a final Collaborative Model of learning. 
The Collaborative Model suggests that learning on infrastructure projects can only be studied by 
investigating learning routines. The Collaborative Model has several critical features: (1) it draws 
attention to the importance of organisational hierarchies, which are critical in the project-based context of 
the infrastructure sector; (2) it shows the complex and evolving nature of the project-based learning 
system through the dynamic connections between the learning cycles; (3) it highlights the impact of 
collaborative relationships between participant organisations; (4) it acknowledges the varying risk levels 
associated with the project life cycle; and (5) it shows that large projects are comprised of continuous as 
well as intermittent knowledge flows. The value of the model arises from pointing attention to the 
evolutionary and resource concepts which are mobilised through the dynamic capability perspective.  
The evolutionary perspective may assist construction organisations to overcome inertia in their 
learning systems. To a large degree, inertia is created by communication barriers caused by time pressure 
and organisational boundaries in project-based organisations. In the infrastructure sector, there is often 
great geographical distance between corporate and project locations. In addition, practitioners may leave 
one project and move on to another one at any stage of the project life cycle. In this situation, knowledge 
gained from working-group or project levels often does not get transferred back to corporate level. This 
inertia reduces the responsiveness of the learning system. The Collaborative Model encourages 
construction organisations to strengthen the connections between their learning cycles at project and 
corporate levels. This reconfiguration helps to reduce inertia, and makes the learning system more 
responsive to the changes in the market, leading to superior project performance over time. 
A limitation of this study is that the Collaborative Model is yet to be empirically tested. Although 
the evidence in the literature indicates its potential value to academics, policy makers and practitioners, 
                                         
 
 
further research is now required to empirically examine validity. This will be challenging, given the 
complexity of learning across multiple participants, organisational levels and changing project stages. 
This challenge can be managed by applying mixed research methods, e.g. qualitative approaches to 
identify primary learning cycles at each organisational level for each participant; quantitative approaches 
to confirm the key associations among the cycles; and simulation analysis to track the dynamic evolution 
of the learning system over time.  
Another limitation is that a big picture view has been taken and the research does not examine 
differential learning experiences under different types of collaborative contracts, nor does it examine the 
roles played by different types of supply chain participants. Future research could usefully expand scope 
in these directions, and study how superior project outcomes are sustained under specific procurement, 
organisational and market conditions. Further, the Collaborative Model could be extended by 
incorporating additional theoretical perspectives. For example, network theory (Gulati et al., 2000) has 
obvious promise. Similarly, cognitive learning theory (Barab and Plucker, 2002) could be used to extend 
the unit of analysis to the individual level to examine how individual knowledge is transferred into 
organisational level capability. 
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Figure 1. Development process (Source: The authors). 
 
 
 
 
  
First Step: Developing a  Circular Model of  
Dynamic Learning Capability
General Management Literature: Concepts Analysed:
 Dynamic capabilities
 Absorptive capacity
 Knowledge management
 Cognitive theory of the firm
 Strategic alliance management
 Evolutionary economics
 Resource-based view 
Second Step: Developing a Collaborative Model of 
Dynamic Learning Capability
Construction Management Literature: Concepts Analysed:
 Evolution of collaborative procurement models
 Role of learning in driving this process
 Impact of learning on project operations
• Exploratory  behaviours
• Transformative  behaviours
• Exploitative  behaviours
                                         
 
 
 
 
 
 
 
 
Figure 2.  Standard Model: Dynamic learning capability (Source: The authors based on Lane et 
al. (2006); Lewin et al. (2011); Lichtenthaler and Lichtenthaler (2009); Todorova and Durisin 
(2007); Zahra and George (2002)) 
 
 
  
Exploratory  
Learning  
Transformative  
Learning  
Exploitative  
Learning  
Performance  
Outcomes  
connection outside learning phases connection between learning phases 
                                         
 
 
 
 
 
 
 
Figure 3. Circular Model: Dynamic learning capability with performance feedback (Source: The 
authors based on Argyris (2004) and Stacey (3003)) 
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Figure 4. Collaborative Model: Dynamic learning capability amongst multiple stakeholders across 
organisational levels over the project life cycle, with performance feedback (Source: The authors) 
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